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© Black ink composition excellent in black. 

@ An ink composition excellent in blackness and storage stability is disclosed which comprises a first 
dye represented by the following general formula (I) and a second dye selected from the group 
consisting of C.I. Direct Yellow 86, 132 and 144 and compounds represented by the following general 
formulae (II) and (III) : 
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BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to an ink composition excellent in blackness and an ink jet recording method 
using the same. 

Background Art 

A black ink is an important ink composition used as an ink jet recording ink composition for both monocolor 
and full color printings. 

C.I. Food Black 2 (Japanese Patent Laid-Open No. 93766/1984) and dyes having structures analogous 
thereto {Japanese Patent Laid-Open No. 91577/1991) have been widely used as dyes for the black ink. 

These dyes, however, have a somewhat bluish hue that is more or less different from pure black (a black 
color perceived, for example, from Chinese ink (sumi) or Japanese lacquer (urushi)). 

For this reason, a proposal has been made on the use of a combination of these dyes with other dyes for 
the purpose of improving the hue (Japanese Patent Laid-Open No. 36279/1990). However, it has been found 
that the combination of dyes deteriorates the storage stability of the ink. Furthermore, the use of such an ink 
in Inkjet printers, which effect printing at a high density of 300 dpi or more and a high frequency of 5 kHz or 
more, often gives rise to lack of jetting stability and clogging of nozzles. A special recording material (for ex- 
ample, coat paper comprising a substrate sheet, such as paper, an ink receiving layer containing a pigment 
and binder) has been proposed for the purpose of enhancing the image quality. Although the coat paper can 
provide pure black, it is desired that blackness and sharpness of an image will be also performed on plain 
paper. 

In a water-base ink using a water-soluble dye, a general problem is to improve the water resistance of the 
print (for example, Japanese Patent Laid-Open Nos. 91577/1991, 226175/1992 and 233975/1992). The ink 
composition described in these Japanese Patent Laid-Open No. 36279/1990 also leaves room for an improve- 
ment in the water resistance of the print. 

Additional properties which are generally required of ink compositions for an ink jet recording method are 
that the ink does not clog jetting nozzles, printing can be quickly resumed even though clogging occurred, 
and ink properties remain unchanged during storage. Therefore, the ink compositions for ink jet recording 
should satisfy requirements of freedom from clogging of nozzles, quick resumption of printing after clogging 
of nozzles and excellent storage stability in addition to pure black color and water resistance. 

SUMMARY OF THE INVENTION 

Accordingly, an object of the present invention is to provide an ink composition excellent in blackness and 
storage stability and an ink jet recording method using the same. 

Another object of the present invention is to provide an ink composition excellent in blackness even on 
plain paper and forming a sharp image and an ink jet recording method using the same. 

Afurther object of the present invention is to provide an ink composition capable of satisfying requirements 
of not only water resistance but also various properties required of ink compositions for ink jet recording, for 
example, no clogging of nozzles and excellent storage stability. 

The present inventors have found that a combination of two dyes having a particular structure can provide 
an ink composition excellent in blackness, resumption of printing after clogging and storage stability. 

The ink composition according to the present invention comprises a first dye represented by the general 
formula (I): 
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OH 




R 3 

wherein R 1 represents a phenyl or naphthyl group which may be substituted by a hydroxyl group, -NH 2 , -S0 3 M 
or-COOM wherein M represents a hydrogen atom or a cation species derived from an alkali metal, ammonia 
or an amine, 

R 2 represents a carboxyalkyl group wherein the carboxy group may form a salt with an alkali metal or 
ammonia, a substituted or unsubst it uted alkoxyalkyi group or a substituted orunsubstituted phenyl oralkanoyl 
group, and 

R 3 , R 4 and R 5 , which may be the same or different, each independently represent a hydrogen atom o\ 
-S0 3 M wherein M is as defined above, 

provided that R 1 does not represent a phenyl group substituted with S0 3 M when R 3 , R 4 and R 5 all rep- 
resent -SO3M; 

and a second dye selected from the group consisting of C.I. Direct Yellow 86, 132 and 144 and com- 
pounds represented by formula (II): 




(II) 



R 7 

wherein R 6 represents a phenyl or naphthyl group which may be substituted by a hydroxyl group, -NH 2 , -S0 3 M 
or-COOM wherein M represents a hydrogen atom or a cation species derived from an alkali metal, ammonif 
or an amine, and 

R 7 represents a hydrogen atom or -S0 3 M wherein M is as defined above; or 
formula (III): 
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COOM 



wherein R« and R 9 , which may be the same or different, each independently represent a hydrogen atom, an 
alkyl group or a hydroxyalky] group, provided that R 8 and R 9 do not simultaneously represent a hydrogen atom, 



R™ and R 11 , which may be the same or different, each independently represent a hydrogen atom, 
alkyl group or a hydroxyalkyl group. 

DETAILED DESCRIPTION OF THE INVENTION 



The first dye used in the ink composition according to the present invention is a compound represented 
by the general formula (I). The compound represented by the general formula (I) is a dye that, as such, may 
be used as a dye for a black ink. In the present invention, it is added in combination with dyes, which will be 
described below, to provide an ink composition. 

In the general formula (I), the phenyl group or naphthyl group as the R 1 may be unsubstituted or substi- 
tuted. When the R 1 represents a substituted phenyl group, a monosubstituted (preferably 3- or4-substituted) 
phenyl group or a disubstituted (preferably 2,4-disubstituted or 3,5-disubstituted) phenyl group. Preferred ex- 
amples of the substituent include a hydroxyl group, -NH 2 , a sulfonic group and a carboxy group. The sulfonic 
group and carboxy group may be in the form of a free acid or a salt Preferred examples of the salt include 
salts of sulfonic acid and carboxylic acid with an alkali metal, ammonia or amine (preferably tri(hydroxy 



The naphthyl group as the R1 may be 1- or2-naphthyl and unsubstituted or substituted. When the R 1 rep- 
resents a substituted naphthyl, preferred examples of the substituent include those described above in con- 
nection with the phenyl group. 

In the general formula (I), the carboxyalkyl group as the R 2 is preferably a carboxyC^alkyl group, still 
preferably a carboxy Chalky! group. The carboxy group preferably combines with an alkali metal or ammonia 
to form a salt. The alkoxyalkyl group as the R 2 is preferably a C^alkoxyC^alkyl group, still preferably C^al- 
koxyC^alkyl group. One or more hydrogen atoms present in the alkoxyalkyl group may be substituted, and 
preferred examples of the substituent include a hydroxyl group and -NH 2 . The phenyl group as the R 2 may be 
substituted, and preferred examples of the substituent include a hydroxyl group and -NH 2 . The alkanoyl group 
as the R 2 is preferably a C^ alkanoyl group, still preferably C,^ alkanoyl group. 

In the general formula (I), the R3, R< and R5 may be the same or different and each independently represent 
a hydrogen atom or a sulfonic group. The sulfonic group may be in the form of a free acid or a salt Preferred 
examples of t he salt include salts of sulfonic acid with an alkali metal, ammonia or amine (preferably tri(hydroxy 
C^ alkyl) amine). 

It is noted that compounds represented by the general formula (I) wherein R 1 represents a phenyl group 
substituted with -S0 3 M and R3, R* and R* all represent -S0 3 M cannot be utilized in the ink composition of the 
present invention. This is because experiments conducted by the present inventors have revealed that these 
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First Dye 
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compounds do not exhibit favorable various properties. 

Specific preferred examples of the compound represented by the general formula (I) are as follows. 
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The dyes represented by the general formula (I) can be produced by known methods and methods simitar 
thereto. For example, the dyes represented by the general formula (I) can be produced by a method described 
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in Japanese Patent Laid-Open No. 140270/1990 and Colour Index, Third Edition, the Society of Dyers and 
Colourists. 

Second Dye 

5 

The second dye used in the ink composition of the present invention is a dye selected from the group con- 
sisting of C.I. Direct Yellow 86, 132 and 144 and compounds represented by the following general formulae 
(II) and (III). 

C.I. Direct Yellow 86, 132 and 144 are described in, for example. Color Index, Third Edition. 

w The compounds represented by the general formula (II) are those that, as such, may be used as a dye. 

In the general formula (II), the phenyl group or naphthyl group as the R 6 may be unsubstituted or substituted. 
When the R 6 represents a substituted phenyl group, preferred examples of the substituent include a hydroxyl 
group, -NH 2 , a sulfonic group and a carboxy group. The sulfonic group and carboxy group may be in the form 
of a free acid or a salt. Preferred examples of the salt include salts of sulfonic acid and carboxylic acid with 

15 an alkali metal, ammonia or amine (preferably tri(hydroxy C^alkyljamine). Although there is no particular lim- 
itation on the position of the substituent, the substituent is preferably located at the 3- or 4-position. The naph- 
thyl group as the R 6 may be either 1-naphthyl or 2-naphthyl and unsubstituted or substituted. When the R 1 
represents a substituted naphthyl group, preferred examples of the substituent include those described above 
in connection with the phenyl group. 

20 Specific preferred examples of the compound represented by the general formula (II) are as follows. 
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The dyes represented by the general formula (II) can be produced by known methods and methods similar 
thereto. For example, the dyes represented by the general formula (II) are described as an intermediate of 
black dyes in Japanese Patent Laid-Open No. 140270/1990 and can be produced according to a method de- 
40 scribed therein. 

As with the compounds represented by the general formula (II), the compounds represented by the general 
formula (III) are those that, as such, may be used as a dye. In the general formula (111), the alkyl group as the 
R 8 and R 9 is preferably a alkyl group, still preferably a C 1-4 alkyl group. The hydroxyalkyt group as the R 8 
and R 9 is preferably a hydroxy alkyl group, still preferably a hydroxy alkyl group. Compounds repre- 
ss sented by the general formula (III) wherein R 8 and R 9 simultaneously represent a hydrogen atom are excluded 
from the scope of the present invention. In the general formula (III), the atkyl group as the R 10 and R 11 is pre- 
ferably a C,^ alkyl group, still preferably a alkyl group. The alkoxy group as the R 10 and R?" is preferably 
a alkoxy group, still preferably a alkoxy group. 

Specific preferred examples of the compound represented by the general formula (til) are as follows. 
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The dyes represented by the general formula (III) can be produced by known methods and methods similar 
thereto. For example, the dyes represented by the general formula (III) can be produced by a method described 
in Japanese Patent Laid-Open No. 179100/1991 and Colour Index, Third Edition. 

Ink Composition 

In the ink composition according to the present invention, the content of the dye represented by the general 
formula (I) is preferably 0.1 to 10% by weight, still preferably 1 to 5% by weight. When the content of the dye 
represented by the general formula (I) is less than the above range, no satisfactory print density is often pro- 
vided. On the other hand, when it exceeds the above range, since the dissolution stability of the dye is dete- 
riorated, clogging of nozzles often occurs. The dyes represented by the general formula (I) may be added alone 
or in the form of a mixture of two or more of them. 

According to the present invention, an ink composition excellent in blackness can be provided by incor- 
porating the first dye in combination with the second dye. 

In the ink composition according to the present invention, the content of C.I. Direct Yellow 86, 132 or 144 
as the second dye is preferably in the range of from 0.001 to 0.5% by weight, still preferably in the ranqe of 
from 0.005 to 0.4% by weight. 

When the second dye is a dye represented by the general formula (II), the content of the dye represented 
by the general formula (II) is preferably in the range of from 0.001 to 0.5% by weight, still preferably in the 
range of from 0.05 to 0.4% by weight. 

When the second dye is a dye represented by the general formula (III), the content of the dye represented 
by the general formula (III) in the ink composition according to the present invention is preferably in the range 
of from 0.005 to 0.5% by weight, still preferably in the range of from 0.01 to 0.04% by weight. 

These second dyes may be added alone or in the form of a mixture of two or more of them. 
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The solvent for the ink composition of the present invention may be water or a mixed solvent comprising 
water and a water-soluble organic solvent, and the mixed solvent comprising water and a water-soluble organic 
solvent is preferred. Examples of the water-soluble organic solvent used in the form of a mixture with water 
include lower alcohols, such as ethanol, 1-propanol and 2-propanol; polyhydric alcohols, such as ethylene gly- 
col, diethylene glycol, triethylene glycol, propylene glycol and glycerin; ethers of polyhydric alcohols, such as 
ethylene glycol monomethyl ether, diethylene glycol monobutyl ether and propylene glycol monoethyl ether; 
nitrogen-containing compounds, such as formamide, dimethylformamide, diethanolamine, triethanolamine, 
1 ,3-dimethyl-2-imidazolidinone, 2-pyrrolidone and N-methyl-2-pyrrolidone; and sulfur-containing compounds, 
such as thiodiglycol and dimethylsulfoxide. 

In particular, the addition of nitrogen-containing compounds, such as 1,3-dimethyl-2-imidazolidinone, 2- 
pyrrolidone and N-methyl-2-pyrrolidone, is preferred from the viewpoint of quick resumption of normal printing 
after clogging, and the amount of addition thereof is preferably in the range of from about 1 to 10% by weight. 

The addition of triethanolamine is preferably in the range of from about 0.5 to 2% by weight from the view- 
point of color development of the dye and printing density. 

Further dyes may be added to the ink composition of the present invention so far as the addition thereof 
is not detrimental to blackness of the ink and other effects. According to a preferred embodiment of the present 
invention, the addition of dyes having a surface activity is advantageous. The addition of such dyes having a 
surface activity can contribute to an improvement in the wettability of the recording head and ink path by the 
ink composition. As a result, bubbles, which have intruded into the recording head and ink path, can be easily 
discharged:' Specific examples of the dyes of this type include C.I. Direct Black 154 and 168. 

Furthermore, if necessary, various additives may be added to the ink composition of the present invention 
for the purpose of improving various properties of the ink composition. For example, resins, polymers, sur- 
factants, pH adjustors, fungicides and ultraviolet absorbers may be added. 

EXAMPLES 

The present invention will now be described in more detail with reference to the following Examples, 
though it is not limited to these Examples only. 

Production of Ink Composition 

Ink compositions comprising components specified in the following Tables 1 to 5, that is, ink compositions 
of Examples A1 to A10, B1 to B10, C1 to C12, D1 to D10 and E1 to E11 and Comparative Examples A1 to A3, 
B1 to B3, C1 to C3, D1 to D3 and E1 to E3 were produced as follows. Specifically, individual components were 
mixed with each other, and the mixtures were f iltered under pressure through a membrane filter having a pore 
diameter of 0.8 urn. Thereafter, the filtrates were deaerated with a vacuum pump to provide ink compositions. 

In the tables, the balance of the components consists of water. 

Evaluation Test 

Various properties of the ink compositions of Examples and Comparative Examples were evaluated by 
the following methods. The results were as given in the tables. 

In the evaluation test print samples and 100% duty print samples were provided by printing with an ink 
jet printer HG-5130 (manufactured by Seiko Epson Corporation) using the ink compositions of Examples and 
Comparative Examples. In the tables, the results of evaluation given in parentheses were obtained by an eval- 
uation test effected in the same manner as that described just above, except that use was made of an ink jet 
printer BJ-330 (manufactured by Canon Inc.). Further, in the evaluation tests (2) to (6), recording paper (a) is 
an ink jet coat paper NM available from Mitsubishi Paper Mills. Ltd., recording paper (b) Cannon Dry available 
from Canon Sales Co.. Inc., recording paper (c) Xerox 4024 available from Xerox Co., (d) Xerox P available 
from Fuji Xerox Co., Ltd. and recording paper (e) Recopy 6200 available from Ricoh Co., Ltd. 

Evaluation test 1 : Water resistance 

(1) Water droplets were dropped onto a printed portion of the print sample which was then spontaneously 
dried and observed to evaluate the water resistance under the following criteria, 
(o): No change from the initial state observed. 

O: Slight dissolution of dye observed with letters being still legible. 
A: Blurring observed with letters being still legible. 
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x: Blurring of letters observed with letters being illegible. 

(2) The 100% duty print sample was immersed in water for 24 hr. Then, a OD retention was determined 
by the following equation: 

nn Dnf fl „f; nn /o/\ _ O D val ue af ter i mmer sion * nrk 

OD Retention (%) - — — — ■ — — : : — x 100 

OD value before immersion 



Evaluation test 2: Blackness 



Tone of the 100% duty print samples on recording paper (a) to (e) was observed with the naked eye. The 
10 criteria of the evaluation were as follows. 

(g): Substantially pure black with good vividness 

O: Pure black with slight lack of vividness 

A: Pure black with poor vividness 

x: Color close to black but different from black in hue 

15 

Evaluation test 3 : Resumption of normal printing after clogging 

An ink jet printer HG-5130 was filled with the ink composition and allowed to stand at 40°C for one month 
without capping the recording head. Thereafter, the number of times of cleaning operation necessary for re- 
20 suming normal printing was determined. The criteria of the evaluation were as follows. 
©: 0 to twice 
O: 3 to 5 times 
A: 5 times or more 
x: Not resumable 

25 

Evaluation test 4 : Jetting stability 

(1) Printing was continuously effected on 1000 sheets of recording paper using a piezo drive on-demand 
ink jet recording head (48 nozzles, diameter 40 p.m) at a driving frequency of 7.2 kHz and 10 kHz. The 

30 results were evaluated as follows. 

O: Successful printing without abnormal phenomenon 
x: Failure of jetting and turbulence of print 

(2) Bubbles were intentionally introduced into the head of the ink jet printer, and the number of times of 
cleaning operation necessary for resuming normal printing was determined. The criteria of the evaluation 

35 were as follows. 

(5): once 
O: 2 to 3 times 
A: 4 to 5 times 

x: 5 times or more or not resumable 

40 

Evaluation test 5 : Storage stability 

The ink composition was hermetically sealed in a glass vessel and allowed to stand at -30°C and 70°C 
for one month, and observation was effected on a change in the properties of the ink, a change in the tone 
45 and precipitation of insolubles after standing. The results were evaluated as follows. 

O: Neither a change in the properties and tone nor occurrence of a precipitate observed. 
A: A change in the properties or tone observed. 

x: A change in the properties or tone or occurrence of a precipitate observed. 



so Evaluation test 6 : Quality of image 

The print was observed with the naked eye to evaluate the sharpness of the image in terms of blurring 
and density according to the following criteria, 
(o): No blurring and a high density 
55 O: Slight blurring without determent to image and a high density 
x: Severe blurring and a low density 
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Evaluation test 7 : Light fastness 

in thl OD°v° a L dU h l y t Print S k7 ICS T irradia,ed W " h " 9htf ° r 50 hr usin 9 a xenon fedeometer, and the change 
Is foHows ' rrad,ati0n af ' er ifradiali0n W3S «*■""»»«'■ The results were evaluated 



as follows. 
O: 0 to less than 5% 
A: 5 to less than 10% 
*: 10% or more 
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Claims 

1. An ink composition comprising a first dye represented by formula (I): 

OH 

NHR 2 



1 -N=h3 V \> — N=N 





(I) 



wherein Ri represents a phenyl or naphthyl group which may be substituted by a hydroxyl group, -NH 2 , 
-S0 3 M or-COOM wherein M represents a hydrogen atom or a cation species derived from an alkali metal! 
ammonia or an amine, 

R 2 represents a carboxyalkyl group wherein the carboxy group may form a salt with an alkali metal 
or ammonia, a substituted or unsubstituted alkoxyalkyl group or a substituted or unsubstituted phenyl or 
alkanoyl group, and 

R 3 , R 4 and R 5 , which may be the same or different, each independently represent a hydrogen atom 
or -S0 3 M wherein M is as defined above, 

provided that R* does not represent a phenyl group substituted with -S0 3 M when R 3 , R* and R 5 
all represent -S0 3 M; 

and a second dye selected from the group consisting of C.I. Direct Yellow 86, 132 and 144 and 
compounds represented by formula (II): 



R 6 -N=N 




(II) 



wherein R 6 represents a phenyl or naphthyl group which may be substituted by a hydroxyl group, NH 2 , 
-SO3M or-COOM wherein M represents a hydrogen atom or a cation species derived from an alkali metal, 
ammonia or an amine, and 

R 7 represents a hydrogen atom or -S0 3 M wherein M is as defined above; or 
formula (III): 



EP 0 597 672 A2 




N 



X >— NR 8 R 9 



(III) 



COOM 




N 



wherein R B and R 9 , which may be the same or different, each independently represent a hydrogen atom, 
an alkyl group or a hydroxyalkyl group, provided that R 8 and R 9 do not simultaneously represent a hydro- 
gen atom, and 

R 10 and R 11 , which may be the same or different, each independently represent a hydrogen atom, 
an alkyl group or a hydroxyalkyl group. 

An ink composition according to claim 1, wherein in the dye represented by formula (I), W represents a 
phenyl or naphthyl group which may be substituted by a hydroxyl group, NH 2 , -S0 3 M or -COOM wherein 
M represents a hydrogen atom or a cation species derived from an alkali metal, ammonia or tri (hydroxy 
alkyl) amine. 

R 2 represents a carboxyalkyi group wherein the carboxy group may form a salt with an alkali metal 
or ammonia, a substituted orunsubstituted alkoxy alkyl group or a substituted or unsubstituted 
phenyl or alkanoyl group, and 

R 3 , R 4 and R 5 . which may be the same or different, each independently represent a hydrogen atom 
or -S0 3 M wherein M is as defined above. 

An ink composition according to claim 1, wherein said dye represented by formula (I) is contained in an 
amount of 0.1 to 10% by weight. 

An ink composition according to claim 1, wherein said C.I. Direct Yellow 86, 132 or 144 is contained in an 
amount of 0.001 to 0.5% by weight. 

An ink composition according to claim 1, wherein said dye represented by formula (II) is contained in an 
amount of 0.001 to 0.5% by weight. 

An ink composition according to claim 1, wherein said dye represented by formula (III) is contained in an 
amount of 0.005 to 0.5% by weight. 
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